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BULK VISCOSITY OF LIQUID ARGON, KRYPTON AND XENON
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Thebulk viscositiesof liquid argon,kryptonandxenonalongtheirliquid-vaporcoexistencecurveshavebeende-
ducedfrom Brillouin linewldthmeasurements.Ourresultsagreewith ultrasonicsdata,whereavailable,andwith both
correspondingstateslawpredictionsandmoleculardynamicssimuistlon.

Experimentalvaluesof transportcoefficientsof TheBrillouin linesarebroadenedby soundabsorp-
raregasliquids area valuableaid in testingstatistical tion and their full widthsat halfmaximumare (in H2):
mechanicaltheoriesandmoleculardynamicsslinula- 2 — p 1
tionsof the liquid state.Whenthethermalconductiv. ~‘ = ~r [~ ‘1~~~ +n~] (3)
ity andthe shearviscosityof a liquid areknown,the
bulk viscosity canbededucedfrom Brillouin scatter- wherep isthe density [6] , ‘y the specificheatratio
inglinewidthmeasurements.Usingthismethodwe [7], C~thespecific heatat constantpressure[7] , K
havedeterminedvaluesof thebulk viscosityalongthe the thermalconductivity [8] n~the shearviscosity
liquid-vapor coexistencecurve:for xenonfrom the [9] and thebulk viscosity.
triple point to fifteen degreesbelow the critical TheBrillouin linesare composedof thesumof a
point; and forargonandkryptonneartheir respective lorentziananda dispersioncurve(anti-symmetric
triple points.In a preliminaryreportof our resultsof lorentzian).In thepresentcasewherer ‘~fthecontri-
thetemperaturevariationof (a/f

2)expfor xenon [1] butionof the dispersioncurveisnegligible.
thevaluesof derivedfrom thelinewidthdataare in- ThereforemeasuringI’ accuratelyonededucesthe
correctlystated.Correctedvaluesaregivenhere. bulk viscosity.Ourmeasurementswere performedus-

ThepolarizedRayleigh..Brifiouinspectrumis ing a highresolution(1 8 MHz) confocalFabry-Perot
causedby densityfluctuations[3] . Thetheoreticalin- interferometer.Backscatteringgeometrywas em-
tensitydistribution canbe deducedfrom theusualli- ployed to maximizethelinewidthsandminimizethe
nearizedhydrodynamicequations[4] andconsistsof error in determiningq (which is nearlyindependentof
atriplet: 1) a centrallorentziancalledtheRayleigh anglefor largeangles).Theaperturewas quitesmall
line and2) a pairof satelliteBrillouin linesshifted (subtendinganangleof —‘S milliradians)sothatwith
from the centerfrequencybyf(H

2) backscatteringgeometrythe aperturebroadeningwas

‘=± /2 (1) of the orderof 1%qu, ~ The samplewas containedin a pressurecell sus-

wherevis the soundvelocity [1,2] andq thewave pendedfrom aliquid nitrogendewar.The temperature
vector wascontrolledto±0.0l°K.Measurementsof

4 “0 ‘2’ Brillouin velocities [2] agreedwith ultrasonicsvalues
q = IT fl SU1~ (2) to betterthan 0.2%indicatingthat the experimental

A0 parameterswere determinedaccurately.

n beingtherefractive indexof thesample [5], A0 the Theinstrumentalfunctionwasdeconvolutedfrom
vacuumwavelengthof the incidentlight (514.5 nm) experimentaldataby the methodof Leideckerand
and0 the scatteringangle.
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Table1
Summaryof thevaluesof (n/f2)exp,1’ andVdeducedfromthelight scatteringexperiments.Thevaluesof (a/f2)ci.andi~ were
calculatedusingthedataof [9) and wascalculatedfrom eq.(4).

V Experimental Classical
T(K) f(GHz) r(MHz) (ms~) n/f2 X 1016 (n/f2)X 1016 ,~x i0~ x io~
±0.02 ±0.010 ±5 ±2.0 (cm~s2)±10% (cm~~2) ± 10% (gm cm1 s~) (gmcm~s”) ±15%

±5% ±12%

Aigon 85.68 4.050 61 848 1.42 1.14 2.67 1.20 0.43
89.32 3.915 63 823 1.56 1.16 2.38 1.48 0.62
97.92 3.597 56 762 1.77 1.27 1.82 1.80 0.99
99.08 3.553 59 753 1.93 1.28 1.75 1.85 1.06

107.78 3.212 57 687 2.51 1.47 1.38 2.23 1.62
109.60 3.138 58 627 2.69 1.53 1.31 2.30 1.76

Krypton 117.12 3.501 62 693 2.32 1.84 4.32 2.05 0.47
120.44 3.423 63 680 2.49 1.85 4.00 2.28 0.57
121.71 3.400 62 676 2.48 1.87 3.90 2.37 0.61
125.26 3.307 62 659 2.70 1.93 3.65 2.62 0.72
126.71 3.276 63 651 2.78 1.95 3.56 2.71 0.76
131.13 3.214 63 643 2.99 2.15 3.30 3.00 0.91

Xenon 168.63 3.396 63 633 2.7 2.27 4.77 1.7 0.35
182.83 3.145 58 594 3.1 2.41 3.75 2.0 0.53
206.81 2.712 48 523 3.9 2.80 2.71 2.1 0.78
210.65 2.639 43 510 3.8 2.93 2.57 1.6 0.62
229.12 2.292 43 450 5.8 4.27 2.04 1.7 0.83
253.45 1.765 49 356 14 8.65 1.54 2.7 1.77
270.54 1.333 52 276 34 17~02 1.21 3.5 2.90

La Macchin [10] andalsoby numericallyconvoluting Levesqueet al. [14] predictavalueof —‘1.7
the instrumentfunctionwith testlorentzians[11, 12]. x io~poise.
Themethodsagreedto betterthan3 MHz. In conclusion,we find our measurementsof the

Thedatafromthe light scatteringexperimentsin bulk viscosityof the raregasliquidsto beinternally
argon,krypton andxenonis summarizedin table 1 to- consistentby correspondingstatesargumentsand in
getherwith the valuesof (a/f2)CLandt~calculatedus- agreementwith theresultsof ultrasonicsandmolecu-
ing the datafromref. [9]. Valuesof the bulkviscosity lar dynamicssimulation.However,wedo notagree

= F(/f2) — (/f2) ] 2~ v2/4 with the findingsof RandandStoicheff[17] who de-
duceavalueof zerofor the bulkviscosityof argon

where(a/f2)exp= irr/vf2 arealsogiven in thetable. from their measurementof F. Thevaluereported
Thedatafor argonagree [2] within experimentalerror here for argonat 85 K is 61 ±5 MHz andthatof [171
with the ultrasonicsvaluesreportedby Naugle [15] (whenconvertedto the sameq value)is47±5MHz.
andby CowanandBall [16] . Wenotethat for all three In [17] F was obtainedfrom theexperimentaldata
of the raregasliquids theratio at the triple point by a deconvolutionprocesswhich usedthe Rayleigh
is -0.4. line (kq2/pC~)asequivalentto the instrumentfunc-

The valuesof for xenonnearthe triple pointpre- tion. However,this procedureis not valid in this case
dictedusing the law of correspondingstateswithour sincethe linewidthswereof comparablemagnitude
valuesfor argonandkryptonandthe dataof Larson 15 MHz. Consequentlythe calculatedvalueof F
et al. [13] for neonare in the region2.1 ‘2.2 and in [17] will be lessthantheactualvalues.
X i0~poise.Moleculardynamicsimulationsof
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